Background As an alternative to vitamin K antagonist and low-dose aspirin (< 325 mg), non-vitamin K oral anticoagulants are available for the prevention of stroke in patients with atrial fibrillation. However, the mortality risk associated with these drugs in daily practice remains unclear. Objective To evaluate the risk of all-cause mortality associated with non-Vitamin K antagonist oral anticoagulants, vitamin K antagonists or aspirin in patients with atrial fibrillation. Setting A cohort study conducted among atrial fibrillation patients using the UK Clinical Practice Research Datalink (March 2008-October 2014. Method New users of vitamin K antagonists, non vitamin K oral anticoagulants, low-dose aspirin, or combination therapy were followed from the date of first prescription to the date of death, as recorded in the UK datalink. Cox proportional hazard models estimated the hazard ratio (HR) of all-cause mortality for users of NOACs, aspirin, or combination use, as compared to vitamin K antagonist. Analyses were adjusted for confounders. Main outcome measure All-cause mortality. Results We identified 31,497 patients. Non vitamin K antocoagulant use (adjusted HR [aHR] = 1.42; 95% Confidence Interval [CI] 1.18-1.71) and aspirin use (aHR = 1.64; 95% CI 1.57-1.77) were both significantly associated with a higher mortality risk than use of vitamin K antagonists. The higher mortality risk for the non vitamin K anticoagulant use was observed in men (aHR = 1.72; 95% CI 1.25-2.36), but not in women (aHR = 1.28; 95% CI 0.92-1.79. Compared to vitamin K antagonists, mortality risk associated with the non vitamin K anticoagulants and aspirin use was significantly increased in patients with higher stroke risk (CHA 2 DS 2 -VASc > 2). Conclusion Non vitamin K oral anticoagulants are associated with a higher risk on all-cause mortality, particularly in men and in patients with higher stroke risk.
Introduction
Atrial fibrillation (AF) is the most common cardiac arrhythmia and is associated with a doubled rate of mortality [1, 2] . Oral anticoagulants have been shown to significantly reduce all-cause mortality rates in AF patients by up to 26% [3] . Until 2012, Vitamin K antagonists (VKAs, such as warfarin or acenocoumarol) were the predominant class of oral anticoagulant therapy for the treatment of AF. However, VKAs require frequent hematological monitoring [4] . As an alternative, non-vitamin K antagonist oral anticoagulants (NOACs) were developed, which are prescribed in fixed doses and administered without hematological monitoring.
The CHA 2 DS 2 -VASC risk score is recommended for guiding the choice of antithrombotic treatment and is calculated using known risk factors for stroke [5] . Since 2012, based on the results of randomised controlled trials, it is recommended that patients with a CHA 2 DS 2 -VASC ≥ 2 receive NOAC therapy or VKA [6] [7] [8] [9] . This preference was reflected in the 2016 treatment guidelines for AF [5] . Prior to 2012, aspirin was recommended for the treatment of patients at low risk for stroke [5, 6] . However, this is no longer the case due to evidence of the superiority of VKA therapy [3] . These frequent updates to recommendations indicate that anticoagulation is a fast-moving field, making it difficult for the prescriber to immediately adhere to the most recent guidelines [5, 6] .
Clinical trial data suggest that NOACs may significantly reduce the risk of stroke and intracranial bleeding when compared with warfarin (VKA) therapy [7] [8] [9] [10] [11] [12] [13] . However, the reduction in mortality risk as a secondary endpoint in clinical trials was not significant for NOACs [7] [8] [9] , with the exception of edoxaban [14] . While some observational studies suggest a reduced risk of all-cause mortality among NOAC users, as compared to VKAs [15] [16] [17] [18] [19] [20] [21] [22] , the evidence is conflicting. Importantly, many observational studies use an ever versus never exposure definition that does not permit switching between medications. Moreover, in many of these studies, they were unable to statistically adjust for lifestyle factors that may influence mortality, such as body mass index and smoking status. Finally, these studies did not exclude prior aspirin use in AF [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . Although low-dose aspirin has been removed from the treatment guidelines for AF, use is still observed.
Aim of the study
We aimed to evaluate the risk of all-cause mortality in AF patients newly prescribed NOACs, VKAs or low dose aspirin in a UK general practice population.
Ethics approval
The study protocol was approved by the Independent Scientific Advisory Committee for the Medicines and Healthcare products Regulatory Agency database research, protocol 14-121.
Method

Data source
We conducted a population-based cohort study using primary care data from the Clinical Practice Research Datalink (CPRD; www.cprd.com). The CRPD primary care database is one of the world's largest routinely collected databases, containing medical records of approximately 7% of the UK population [27] . Data includes demographic information, laboratory tests, specialist referrals, hospital admissions, prescription details, and some lifestyle variables such as body mass index (BMI) [28] . Previous studies have shown a high degree of accuracy and completeness [29, 30] . Additionally, data undergo regular quality checks and practices are considered up to research standard from the date they meet the specified data quality criteria.
Study population
The study population consisted of patients aged 18 years or older with a first ever-recorded diagnosis of AF during the period of valid data collection. We identified patients between 18 March 2008 (the date of market introduction of the first NOAC) and 1 October 2014. Within this cohort of AF patients, we identified new users of antithrombotic drugs: VKAs, NOACs and low dose (≤ 325 mg) aspirin. Patients receiving combinations of the eligible study drugs were identified as combination users, thereby generating mutually exclusive exposure groups. The index date (or start of follow-up) began on the first prescription date of an eligible antithrombotic drug prescription by the general 1 3 practitioner. All patients had a minimum of one year of valid data collection prior to their index date, and new users were defined as patients who were not exposed to the drugs of interest in the year prior to their index date. Patients were followed from the index date to the end of data collection, date of transfer of the patient out of the practice area or death (outcome of interest), whichever came first.
Exposure
The period of follow-up was divided into 30-day periods, starting with the index date. The 30-day periods were selected as the median prescription length in the UK is 28-days. At the start date of each 30-day period, exposure to antithrombotic agents was identified and patients were categorized as current or past users based on the time since last prescription. Patients who received a prescription for an antithrombotic agent in the 30 days before the start of an interval was defined as current user, while those with a prescription > 30-days prior to the start of an interval were defined as past users. All patients were current users of one of the eligible study drugs at the index date and classified into mutually exclusive exposure groups: VKA only (warfarin, acenocoumarol or phenindione), NOAC only (dabigatran, rivaroxaban or apixaban), aspirin only, or combined use of more than one of the three main study drugs. During the period of analysis edoxaban was not yet registered in the UK.
Outcome
The primary outcome of interest was all-cause mortality. Patients were followed from the index date until the end of data collection, date of transfer of the patient out of the practice, or death recorded in CPRD, whichever came first.
Potential confounders
Confounders were identified using read-codes following a review of the literature and clinical expert advice. Sex, body mass index (BMI), smoking status and alcohol use were identified at baseline. In addition to age, a history of the following conditions were included time-dependently, as evaluated prior to the start of each 30-day interval: congestive heart failure, cerebrovascular disease, history of acute myocardial infarction (AMI), ischaemic heart disease, peripheral artery disease, family history of vascular disease, acute or chronic renal failure, liver dysfunction and malignancies. The presence of a comorbidity was identified as a read-code any time prior to the start of index, or the start of an interval. In addition, the following drug prescriptions were assessed in the 6 months prior to the start of a 30-day interval; statins, calcium channel blockers, glucocorticoids, Angiotensin Converting Enzyme-inhibitors (ACE-inhibitors), Angiotensin II-blockers (ATII-blockers), diuretics, beta-blockers, proton pump inhibitors (PPIs), antiplatelet drugs (excluding aspirin), anticoagulant drugs (excluding VKAs and NOACs), anti-arrhythmic drugs, nitrates, antidiabetic drugs and insulin. To correct for changes in prescribing guidelines for antithrombotic therapy of AF patients, we adjusted for calendar year.
Statistical analyses
Baseline characteristics were stratified by drug group and summarized as means and standard deviations, or counts and proportions, where appropriate. Crude incidence rates of allcause mortality per 1000 person-years (py) were calculated. Cox proportional hazard models estimated the adjusted hazard ratios (HR) using the SAS 9.2 PHREG procedure. Sensitivity analyses stratified by sex and CHA 2 DS 2 -VASc score were additionally conducted. The CHA 2 DS 2 -VASc score was calculated at baseline and time-dependently (at the start of each period), and categorized into three groups: high (≥ 4), medium (> 1 and < 4) or low (≤ 1).
In all models, VKA use was the reference group. Potential confounders were included in the final model if they independently changed the beta-coefficient by at least 5%, or when a consensus about inclusion existed among co-authors, and was supported by clinical evidence from the literature. Missing data for BMI, smoking status and alcohol use were included in the model using an indicator for missingness.
Results
We identified a total of 31,497 eligible AF patients aged ≥ 18 years, and with use of an antithrombotic agent ( Fig. 1 ). At index prescription, 1306 (4.1%) patients were NOAC users, 13,643 (43.3%) were VKA users, 16,094 (51.1%) were aspirin users, and 454 individuals (1.4%) were prescribed more than one type of antithrombotic agent (Table 1 ). In the NOAC group, the majority of patients were prescribed rivaroxaban (71.5%), and 28.5% were prescribed dabigatran. We did not identify any users of apixaban at index date during our study period. Age, BMI, smoking status and alcohol use was comparable between exposure groups at baseline. The mean CHA2DS2-VASc score was also comparable across all groups at baseline. The mean duration of follow-up was shorter for users of NOACs (0.6 years) than for users of VKAs (1.9 years) or aspirin (1.9 years). Users of NOACs (18.9%) more often had a history of cerebrovascular disease, as compared with users of VKAs (13.4%) or low dose aspirin (6.1%). Supplementary Table 1 provides the baseline characteristics stratified by CHA2DS2-VASc score. Table 3 presents the sex-stratified analyses for users. Among females, only aspirin use was associated with a significant risk of all-cause mortality (aHR = 1.67; 95% CI 1.51-1.86), as compared to female VKA users. In contrast, the risk of all-cause mortality in males was highest among users of NOACs (aHR = 1.72; 95% CI 1.25-2.36) and aspirin (aHR = 1.63; 95% CI 1.46-1.82), as compared to male users of VKAs. In both sexes, combined use was associated with a non-significant increase in all-cause mortality.
Sex stratified analysis
CHA 2 DS 2 -VASc stratified analysis
The risk of mortality associated with antithrombotic therapy as stratified by the three CHA 2 DS 2 -VASc groups (high, medium and low) is provided in Table 4 . Patients with a CHA 2 DS 2 -VASc ≤ 1 (low) did not show a significantly increased risk for all-cause mortality in any of the exposure groups when compared to users of VKAs with a low CHA 2 DS 2 -VASc score ( Table 4 ). Among patients with a medium CHA 2 DS 2 -VASc score (2-3), NOAC use (aHR = 1.54; 95% CI 1.17-2.03) and aspirin use (aHR = 1.97; 95% CI 1.77-2.19) were associated with a significantly increased risk for all-cause mortality, compared to users of VKAs. Similarly, when examining patients with a high CHA 2 DS 2 -VASc score (≥ 4), patients using NOACs (aHR = 1.38; 95% CI 1.06-1.80), and aspirin (aHR = 1.74; 95% CI 1.57-1.94) had a significantly increased risk for all-cause mortality, as compared to users of VKAs. Similar to the previous results, combined use of the antithrombotic agents was not associated with an increased mortality risk in any of the strata.
Discussion
In this population-based cohort study of adult AF patients, we observed an increased risk of all-cause mortality for patients receiving NOACs, as compared to users of VKAs. This increased risk was mainly driven by patients with a CHA 2 DS 2 -VASc score above 2 (medium to high stroke risk), and was stronger among male patients.
Our primary analysis, showing a 42% increased risk in mortality associated with NOACs, is not directly in-line with the phase-III randomised trials [7-9, 14, 31] . As our analysis included dabigitran and rivaroxaban exposure, the ROCKET and RELY trials are of particular interest. In these studies, there was no significant difference in all-cause mortality identified for dabigitran 110 mg (HR 0.91 95% CI 0.80-1.03), dabigitran 150 (HR 0.88 95% CI 0.77-1.00) and rivaroxaban (HR 0.85 95% CI 0.70-1.02), when compared with warfarin exposure [7, 8] . Naturally, it is expected that the population in our observational study would differ from randomised controlled trials, as patients in clinical practice are not prescribed based on randomization, but rather clinical judgement and the most recent prescribing [3] . Moreover, we identified a significantly increased mortality risk associated with NOAC and aspirin use among patients with a medium or high CHA 2 DS 2 -VASc score.
When examining the baseline differences, NOAC patients with a high stroke risk had an increased history of cerebrovascular disease or myocardial infarction compared to VKA users (Supplementary Table 1 ). While we did adjust for this in our analysis, the confounding by indication may explain the differences in mortality risk observed in our study when compared to clinical trial data. Moreover, as patients in our study were permitted to switch between exposure groups, it is possible that the patients who switched to NOAC therapy during follow-up were, again, the higher-risk patients. Finally, the high mortality risk among aspirin users is noteworthy as this seemingly confirms prior evidence on the lack of effectiveness, especially among patients with a moderate to high stroke risk [3] . Interestingly, in this study we identified differences in all-cause mortality between sexes, particularly with regard to NOAC exposure. As compared to VKA users of the same sex, we observed a significant 1.7-fold increase in all-cause mortality risk among males exposed to NOACs, yet a nonsignificant increased risk was observed for females. In the UK, males had a higher risk of death due to heart disease than females aged 50-79 in 2015 [32] . Additionally, a previous study using a similar cohort indicated a higher risk of AMI in males using NOAC than in males using VKA [33] . In a recent study comparing rivaroxaban to dabigatran, rivaroxaban was significantly associated with an increased risk of bleeding and intracranial hemorrhage in both males and females, while mortality risk associated with rivaroxaban was greater in males [34] . While there is no underlying mechanism of action to explain the observed sex differences, this finding may reflect differential prescribing. However, since the available evidence on gender differences in the utilization, safety, and effectiveness of NOACs is mixed, further research in this area is warranted.
There have been a number of observational studies examining the safety and effectiveness of NOACs with conflicting results [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] 34] . When comparing results with other observational studies, it is important to note that rivaroxaban was the most frequently prescribed NOAC in our cohort (71.5%). This is important in light of the growing body of evidence indicating that there may be differences between Table 4 Oral anticoagulation use and mortality risk, stratified by CHA 2 DS 2 -VASc* score VKA vitamin K antagonist, NOAC non-vitamin K antagonist oral anticoagulant, IR incidence rate, PY person-year, HR hazard ratio, CI confidence interval a Adjusted for age, sex, alcohol status, smoking status, BMI, calendar year, history of congestive heart failure, history of cerebrovascular disease, acute myocardial infarction, and use of diuretics, proton pump inhibitors and glucocorticoids in the previous 6 months b Adjusted for age, sex, alcohol status, smoking status, BMI, history of congestive heart failure, history of cerebrovascular disease, cancer and use of diuretics and glucocorticoids in the previous 6 months c Adjusted for age, sex, alcohol status, smoking status, BMI, history of congestive heart failure, history of cerebrovascular disease, and use of diuretics and proton pump inhibitors in the previous 6 months † Adjusted for past use (VKAs, NOACs, and aspirin) * CHA2DS2-VASc calculated as sum of: [17, 24, 25, 35] identified that mortality was lower for dabigatran when compared to warfarin, but not for rivaroxaban. [17, 24, 25, 35] . In contrast, two other studies identified a higher mortality rate for rivaroxaban [23, 26] , yet all-cause mortality was not higher among dabigatran users [23, 26] . Many of the conflicting results [15] [16] [17] [18] [19] [20] [21] [22] may be explained by key methodological differences that make comparisons difficult. Previous observational studies have used propensity score-matched cohort designs to examine differences in mortality risk between NOAC and VKA use. While propensity score-matching mimics the randomization in clinical trials and allows for the assessment of the comparative safety of the two drugs, it does not reflect real life clinical practice. Thus, these studies answer very different questions. Importantly, these studies also do not permit a time-dependent analysis of exposure. We defined exposure time-dependently, thereby capturing all patienttime and permitting patients to switch between therapies and discontinue use (i.e., past users). Most existing studies examined only monotherapy or censored patients at time of treatment switch/discontinuation, thereby truncating the follow-up time. Consequently, if a patient initiated on warfarin (VKA) and then switched to a NOAC during follow-up they would be included in our study yet excluded from the published studies. This may lead to an underestimation of outcomes and effect, particularly in the NOAC group. We believe this is an important methodological consideration, as all person time should be accounted for in follow-up.
In addition to those already mentioned, our study has limitations that merit consideration. While we adjusted for the factors that were independently associated in a univariate model, we cannot rule out the potential for residual confounding. While we were able to include lifestyle factors that are important for all-cause mortality such as patient BMI, smoking status and alcohol use, we cannot rule out the possibility of other unmeasured confounding. Second, we lacked the power to differentiate between the NOACs and the different dosages. Therefore, we were unable to identify any potential differences in mortality risk between NOACs that may have been of clinical interest [3, 13, [22] [23] [24] [25] . Additionally, while four NOACs are currently (as of 2019) approved by the European Medicine's Agency (dabigatran, rivaroxaban, apixaban and edoxaban) we were unable to include apixaban and edoxaban as there was no use in our population at the time of inclusion. Furthermore we were unable to directly assess renal function, which affects NOAC concentrations and can impact their efficacy. Finally, there are some limitations to our data. It is possible that the true start date may have been misclassified if the first prescription was dispensed in hospital or over the counter for aspirin. Additionally, our data is not linked to the official death certificates, meaning we do not have the official cause of death, allowing the evaluation of cause-specific mortality.
Despite the limitations, our study has a number of strengths. The CPRD data includes extensive clinical information and therefore permitted the inclusion of important confounders, including lifestyle factors not included in most datasets (e.g., BMI, smoking status and alcohol use). To our knowledge, this is the first study of antithrombotic efficacy to include aspirin as a separate treatment category and not combined with other therapies. Moreover, we excluded users with past aspirin use, creating a true new user design. Importantly, patients were followed time-dependently, allowing dynamic exposure patterns. By allowing patients to be variably exposed to different treatments over time, we minimized the potential for bias, a pitfall inherent to timeinvariant exposure models. Simultaneously, our focus on total person-years of exposure per treatment rather than on unique users allowed us to more accurately assess patient exposure to each antithrombic agent.
Conclusion
Adult patients with AF using NOACs or aspirin were have an increased risk for all-cause mortality when compared to VKA users. More research into the underlying mechanisms for this finding is required, particularly for rivaroxaban.
